At that time Owen included all the strata down to the base of his No.3, in the" Encrinital Group of Burlington." It is not possible to determine from his section the exact thickness attributed to each individual stratum recognized, but their aggregate is indicated in his table as about ] 00 feet, of which the lowest member, No.1 is about 60 feet.
In 1858 Hall's report on the Geology of Iowa was published, and the following section is given of the rocks at Burlington of the Kinderhook stage, at that time referred to the " Chemung Group. "t In 1860 C. A. White published a paper entitled, "Observatjons upon the Geology and Paleontology of Burlington, Iowa, and its Vicinity,"* in which the Kinderhook section at Burlington was described, and later, in 1870, while he was State Geologist, the section was again described in his official report. The fossils of the Kinderhook beds at Burlington, at one time attra9ted much attention from paleontologists and local collectors, but of late years they have usually been neglected. The first species d~scribed from any of the beds was Gy1'Oceras burlingtonensis, described by Owen+:' in 1852, from the oolite bed No.6 (Weller). A little later, in 1858, in his Paleontology of Iowa, Hallt described and illustrated a number of species of brachiopods and a few pelecypods from the "yellow sandstone" at Burlington.
The most important collection of Kinderhook fossils from Burlington that has been brought together was made by Dr. C. A. White when he was a .resident ofthat city. The "White collection," which is now the property of the University of Michigan, formed the basis for several important papers , devoted to the description of Burlington fossils by C, . A. White!, by C. A. White and R. P. Whitfield\ and by A. Winchell. 3 In these papers many species were described but without illustrations, so that their identifica' tion by other observers and from other localities has always been exceedingly difficult or impossible.
During the preparation of the descriptions of New York Devonian pelecypods for the Paleontology of New York, Hall:!: described and illustrated several of the Burlington "yellow sandstone" species that were related to New York Devonian species, the figures in most cases being drawn from the type specimens. More recently Keyes § has published upon some of the gasteropods from the Kinderhook beds at Burlington, but his identifications of the species were apparently not based on comparisons with the type specimens, and are evidently erroneous in some cases. In all the work which has been done in the past on the' Kinderhook fossils at Burlington, little or no effort has been made to assign the species to their definite stratigraphic·posi-tions in the section. It has usually been deemed sufficient to refer a species to the "yellow sandstone, Burlington, Iowa." ignoring the fact that there are two yellow sandstones in the Kinderhook at that place, whose faunas are almost entirely distinct, there being only a small number of species common to the two beds. The fauna of the oolite bed can be more easily recognized from the literature, but even the fossils from this well marked horizon have often been recorded simply as coming from the "Kinderhook beds, Burlington, Iowa."
The present paper is an attempt to distribute the Kinderhook species from Burlington into their several faunas. It is based primarily upon the "White collection, " for the use of' which the writer is under the greatest of obligations to Prof. 1. C. Russell of the University of Michigan, who has most generously loaned the Kinderhook portion of the collection for study. The specimens in the "White collection" are, for the most part, each marked with the number of the bed from which they were collected, but even without these numbers one is able to recognize by its lithological characters alone the bed from which each specimen is derived. In addition to' the " White collection" Prof. Samuel Calvin has kindly loaned such material as he possessed, and Prof. J. A. U dden has furnished a small collection from bed No. 1. The collections made in the field by the writer have also added information\as to the stratigraphic position of some species.
In the following lists, all the species which have been recognized in each bed, will be given, with such notes on the species and on the faunal assemblages of species, as may seem necessary .
.... B ed No. l.--At the time the investigations of the Kinderhook faunas at Burlington were being carried on by Dr. White, no fossils had been found in this bed, and until recently it has. been supposed to be entirely unfossiliferous. Since the opening of the clay pits ef the Granite Brick Co., hewever, many fessils have been found at this herizen and the fauna is a mest interesting assemblage ef species. The fauna has not yet been criticaJly studied, ' hewever, and as many ef the species are as yet undescribed, it will, in most cases, be possible to' refer them only to' their preper genus. Fer the material illustrating this fauna, the writer is indebted entirely to' Prefessor Calvin and Prefesser U dden. Iowa, with his species P. newbe1"rllii. The species was firat described from the Erie shale of Lake county, Ohio, and it is by no means certain that the Burlington specimens are identical with the types of the species or even that they belong to the same genus.
VERTEBRATA-
17. Fish remains. Several fragments of fioh bones or spines have been observed.
PLANTS-
18. Fragments of stems and leaves of plants are frequently met with.
The fauna of this bed is a most interesting one, it probably being the oldest of the Kinderhook faunas of the Mississippi valley. The pr~sence of typical forms of the genus Produotus give to the fauna a strong Carboniferous aspect, the undetermined species of Produotella and (}omphooeras being the only members which are suggestive of the Devonian, unless the fish remains should show some such alliance. The fauna is really more strongly Carboniferous in aspect than is that of bed No.2, whose large number of pelecypods are for the most part allied to Devonian species in New York. For the satisfactory study of the fauna, however, larger collections than are now available must be secured, and as soon as the necessary material is at hand, this fauna will be made the basis of one number of "Kinderhook Faunal Studies."* B ed No. ·2. t-This bed is the lower one of the two yellow sandstone horizons in the Kinderhook at Burlington, and it contains the most prolific fauna in the section. The fossils are most abundant, in fact are almost wholly restricted to the upper five or six feeb of the bed, just below the thin band of impure limestone or bed No.3. The sandstone is characterized by multitudes of individuals of Chonopeotus jisoheri (N. & P.) and for this reason the bed may be designated as the Chonopectus sandstone. Usually the bed is a soft, friable, yellow grit or fine sandstone, in which the fossils are always preserved as casts, though in many cases the cavities left after the solution of the shell, have been 'closed by pressure. At one locality on Flint river, this bed is represented by a highly fossiliferous, much harder, blue sandstone which has weathered along the joints into a soft yellow rock with characters similar to the usual exposures of the formation. From this occurrence it seems possible that the softness and yellow Golor of the bed as usually exposed, may be due to a weathered condition, but this could only be determined by extensive excavations.
The following list of species found in the Chonopectus sandstone is probably not absolutely complete and additional species will probably be discovered: In some particulars this fauna of the Chonopectus sandstone -exhibits "strongly Devonian characteristics, but associated with this Devonian element there is another element of perhaps greater significance binding it to the Carboniferous. O f all the genera and species, the brachiopods are for the most part strongly Carboniferous in aspect. The abundance of P roductus is particularly a Carboniferous characteristic of the fauna, as is also the presence of 8yringothY1'is. Of the two species 6f Spirij er one, S . su brotundatus, with its completely plicated shell and with the plications on the lateral slopes bifurcating, is strongly Carboniferous in aspect, while S .
biplicatus, on the other hand, with its excessively elongate hinge-line, has just as strong a Devonian aspect. The presence of Productella may be considered as a Devonian · element, and also 07'thothetes inaequalis , which is so nearly like o. chemungensis.
The pelecypods have quite a different story to tell, and'from a study of this portion of the fauna alone, one would, perhaps, be justified in identifiying it as of Devonian age. All of the nineteen genera, with the exception of two, PrOmaC7'U8 and Avicula, have numerous representatives in the Devonian faunas of eastern North America, particularly in the Chemung faunas of New York and Pennsylvania, and several . . . . of the genera have no representation later than the Kinderhook. PromacrU8 is a genus which is represented in America only in the Kinderhook, and in Europe it has been noted only · in Belgium from near the base of the Carboniferous. Avicula is in general a later genus. Not only are most of the pelecypod genera abundantly represented in the Devonian , but in several instances the species in the Chonopectus sandstone are so nearly like species in the Chemung of New York, that , it is largely a matter of personal opinion as to whether they are really distinct or not.
The gasteropods and, cephalopods are also for the most part of Devoni.an types, with no strikingly Carboniferous characteristics. The genus Aqoniatites has not previously been recognized outside the Devonian, and Orthoceras whitei is a very ancient type, being related to the Silurian o. annulatum.
Taken . as a whole, a larger number of the species recognized in the fauna have Devonian and not Carboniferous relationships, but this is not sufficient evidence upon which to establish the Devonian age of the fauna. In general, in I paleontologic interpretation, the initiation of a new invertebrate faunal element is of ' greater importance than the holding over of a much larger element from an older fauna, and on this principle, the strongly Carboniferous element among thebrachiopods of the Chonopectus sandstone, is to be considered as weightier evidence than the hold-over pelecypods and cephalopods.
In any study of the Kinderhook faunas it must always be · kept in mind that they are on the border line between the Devonian and Carboniferous, where a mingling of the two , faunas and a gradual transition from the one to the other may be looked for. In some places, there lies above this Chonetes bed an oolitic limestone layer, which if it were persistent would be deserving of separate recognition. White did recognize it as a distinct mf'mber in his section. It has a thickness of but, about three inches and is always associated with the Chonetes bed, and for these reasons the two beds have been placed together in this paper, although no species of fossils have been observed to be common to both. The following species have been recognized from this oolite, all the specimens being preserved in the "White collection": Bed No. 4.-This bed is a fine-grained, compact, brittle, . gray limestone with a conchoidal fracture. In its outcrops. it is always fragmental, being broken into irregularly shaped masses which rarely have any dimension greater than six inches. In its lithologic characters this limestone has the appearance of a lithographic stone, and is in this particular almost identical with the Louisiana limestone at Louisiana" Missouri. Judging from the lithologic characters alone, one · would be entirely justified in considering this bed as a northern extension of the Louisiana limestone.
The fauna of the bed is not a prolific one so tbat no entirely satisfactory comparison between it and the fauna of the Louisiana limestone can be made. The species of Syrinqothy-7'is in tbis bed at Burlington, which has been named S. halli by Win~hell, seems to be identical with S. hannibalensis (Swallow) from Louisiana, the only conspicuous difference being in size, the Burlington specimens being much smaller than those from Louisiana. None of the remaining species at Burlington have been recognized at Lnuisiana. Tbe following species., have been identified: . and more arenaceous until it merges somewhat gradually into the upper "yellow sandstone" which constitutes bed No.5. In the transition layers between the well defined limestone below and the yellow sandstone aboye, no fossils have been . observed, but in the sandstone itself fossils are sometimes extremely abundant. The fauna is quite distinct from that of the Chonopectus sandstone below, only two species being common to the two beds. The fossils from this upper sand_stone may be always recognized by their condition of preser-. vation and by the charader of the sediment, this sandstone 'being denser and of a lighter color than that below. In both beds the fossils are always in the form of casts, but in the -lower formation the cavities left by the solution of the calcar-· eous matter of the shells. and other fossils, have usually been closed by pressure, while in the upper sandstone the cavities remain open. In size the species occurring in this upper sand-.stone contrast somewhat strongly with those below, a large proportion of the species being diminutive.
The following species have been recognized in the fauna of -this bed:
In this fauna Spi1'ijel' ma1'ionensis and CY1'tina aC1,ltirostris, two species which are particularly abundant in the Louisiana limestone, make their first appearance in the Burlington section. Spil'~fe1' rnal'ionensis becomes much more abundant in the succeeding oolite bed, but CY1,tina acutirostl'is has not been observed elsewhere in the section. The brachiopod element in the fauna is predominantly Carboniferous in aspect, but the pelecypods still continue to exhibit Devonian affinities in such genera as Pte1'inopecten and Palaeoneilo, though this more ancient element in the fauna is far less conspicuous than in the Chonopectus sandstone fauna.
Bed :No. 6.-Succeeding the upper yellow sandstone, there is a conspicuous bed of white oolitic limestone which is quite sharply defined both below and above. Fossils are abundant and are often most beautifully preserved. The following species have been observed: CORALS-1. Zaphrentis ap. undet.
BRACHIOPODA-
Conclusion. -The study of the Kinderhook faunas at Burlington has brought out quite strongly several important facts.
Fi1'st.-The "yellow sandstone" fauna of authors includes in reality two quite distinct faunas which occur in two entirely distinct yellow sandstone formations separated by a well defined limestone bed.
Second. --The Kinderhook series at Burlington represents a much longer time period than does the series of strata referred to this epoch elsewere, the lower beds being older than the Louisiana limestone which is placed at the base of the Kinderhook in Missouri.
Thi' rd.-Beds No.1, No.2, and No.3 are pre-Louisianan in age, the earliest indication of the Louisiana limestone fauna being found in bed No.4 which may be considered, with a fair degree of certainty, as the northern extension of the Louisiana limestone.
FOU1'th. -The succession of faunas exhibits a somewhat gradual transition from the earlier faunas with quite marked Devonian characters, to the later ones which are typically Carboniferous in aspect. The Devonian element in the faunas is for the most part exhibited by the pelecypods while tae brachiopods are usually Carboniferous in aspect. This overlapping and intermingling of Devonian and Carboniferous faunal elements, makes it impossible to draw a sharp line separating the Devonian and Carboniferous systems such as is recognized in the continental interior between the Ordovician and Silurian in the Medina formation, and between the Silurian and Devonian in the Waterlime formation. The DevonianCarboniferous dividing line is more nearly analagous with the Cambrian-Ordovician division.
